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Concentration in the Red Meat Packing Industry
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Executive Summary

There is a long history of concerns about the effects of concentration in the meatpacking industry.
Concentration has increased sharply in recent years. For example, the four largest packers accounted for 82
percent of steer and heifer slaughter in 1994, versus only 72 percent in 1990 and 36 percent in 1980. Packers
have also increased their use of vertical integration and coordination arrangements, reducing the role of public
markets where the terms of trade are openly visible to all.

Those concerned about the effects of concentration and integration focus on their effects on prices and the
price discovery process. Firms in a concentrated processing industry may be able to reduce prices paid to
suppliers. Some observers fear that increases in vertical integration and coordination may amplify the
potential for exercise of market power. Some also express concern that large packers may use vertical
coordination arrangements as a means of blocking their smaller competitors from sources of supply, or as a
mechanism for discriminating among livestock sellers. At the least, vertical coordination arrangements reduce
the prevalence of open-market transactions, thereby restricting the availability of market information.

Those who believe concentration and integration present no threat argue that livestock prices are higher due to
increased efficiency and lower costs realized by large packers and by vertical coordination arrangements.
They argue that without the size economies, consumer prices would be higher, livestock prices would be
lower, and fewer animals would be sold.

The debate involves a few fundamental questions: Do large firms possess and use market power? Do potential
efficiency gains of larger firms offset potential adverse market power effects of concentration? How do
vertical coordination arrangements affect production costs, livestock and meat quality, price discovery, and
market access? What is the role of Federal regulation in preventing large firms from abusing potential market
power, and in monitoring the industry?

Past studies have provided inconclusive or contradictory information on the implications of concentration.
The organization of the industry has changed markedly in recent years. Additional information is needed to
resolve the uncertainties about the effects of concentration and vertical integration as the industry continues to
adapt to external forces that affect the supply of, and demand for, its products.



Congress included $500,000 in the Department of Agriculture's (USDA) Packers and Stockyards
Administration (now Grain Inspection, Packers and Stockyards Administration (GIPSA)) 1992 fiscal-year
appropriation to conduct a study of concentration in the red meat packing industry. Both the Senate and
House Committee reports expressed concerns about concentration in the meatpacking industry. Prior to
beginning the study, GIPSA solicited public input and received comments from 51 individuals and
organizations on the scope and approach of the study. Input was also obtained from other Federal agencies.
An interagency working group reviewed the public comments and recommended priority research topics.

Seven projects, described below, were selected to address areas identified in the House Committee report
accompanying the FY 1992 appropriation. Six of the projects were conducted by researchers from various
universities. The seventh project was completed by USDA. This report is a summary of the findings of those
projects. The underlying reports of the university researchers will also be released after confidential
firm-specific information is removed.

The projects conducted in this study examined issues that were considered most pressing at the time the study
was initiated. Many of the analyses needed detailed confidential data drawn from meatpackers' records. The
study, and data upon which it is based, cover only a limited period of time--mostly April 1992 through March
1993--because of the costs and time required for collecting, processing, and analyzing such detailed data. The
study did not address longer-term patterns in packer behavior, costs and returns, or changes in livestock prices
over a full cattle (about 10 years) or hog (about 4 years) cycle. The study results suggest that sustained
monitoring and analysis provide the best opportunity to examine such longer-term issues as the industry
evolves and as market conditions change.

The following is a brief overview of the study's seven projects and their key findings.

Project: Definition of Regional Cattle Procurement Markets

Market definitions are important for analysis of the effects of concentration on prices, for monitoring
competitive behavior, and for antitrust analysis. The objective of this project was to define relevant regional
cattle procurement markets. Three approaches were used. One examined the degree to which regional cattle
markets are linked as reflected in prices reported by the U.S. Department of Agriculture's Agricultural
Marketing Service's Market News. Another examined packing plants' geographic procurement patterns and
volume responses to price changes at other plants. The third examined how prices paid by individual packing
plants were related to each other over time.

Only cash market purchases were examined. The omission of captive supply purchases from the analyses
may influence results if geographic purchase patterns differ for captive supply cattle. (Captive supplies are
defined as livestock controlled by or committed to a packer more than 2 weeks prior to slaughter through a
forward contract, marketing agreement, or packer feeding program.) Some of the key findings of the project
were:

* On average, packers obtained 64 percent of their cattle within 75 miles of their plants, 82 percent
within 150 miles, and 95 percent within 270 miles. Cattle procurement areas showed considerable
overlap among plants.

* Cattle prices among plants tend to move together, maintaining longrun spatial equilibrium. Arbitrage



costs among the various geographic regions were relatively small. This suggests that price
information flows readily among plants and geographic regions.

In general, fed-cattle prices in all U.S. regions are linked, suggesting a broad national market for fed
cattle.

Some regional differences exist. Plants in the Middle region (MN, IA, NE, CO, KS, and TX)
generally appear well-linked, while links among plants in the West and East are not as strong.
Differences in the West and East regions may not be strong enough to consider them separate
markets.

Identification of geographic boundaries as prescribed in the Department of Justice and Federal Trade
Commission merger guidelines would require separate analysis for each proposed merger or
acquisition. Application of the guidelines could result in narrower geographic markets for cattle
procurement.

Due to insufficient data on cow and bull procurement, no analysis was done to determine whether
"cows and bulls" and "steers and heifers" are in the same market.

The results provide strong evidence that measurement and analysis of concentration in beef packing
need to focus on relatively broad geographic markets. Rigid regional boundary lines cannot easily be
identified because arbitrage and livestock movements create considerable overlap among areas.
Market areas identified in this study are much broader than in many previous studies.

Project: Price Determination in Slaughter Cattle Procurement

Information about packers' purchasing and pricing decisions is needed to understand how livestock markets
function and to monitor the industry for anti-competitive behavior, such as price discrimination or market
allocation. This project analyzed detailed data on slaughter cattle procurement transactions by the 43 largest
steer and heifer slaughter plants, owned by 20 different firms, from April 5, 1992 to April 3, 1993. Responses
by packers and by a sample of feedlots to a survey supplemented the data.

The objective of the research was to identify and assess factors affecting packers' choices of procurement and
pricing practices in the slaughter cattle market. The analysis also identified important factors determining
differences in cattle prices. The research produced numerous summary statistics that provide new descriptive
information about cattle pricing and procurement methods. Some of the key findings of the research were:

*

The spot market remains the predominant procurement method, and over 83 percent of cattle are
priced by either liveweight or carcass-weight pricing methods. Few firms rely on other methods for
procuring or pricing a large proportion of cattle slaughtered.

Cattle purchased through forward contracts bring lower prices than cattle delivered on the spot
market, while cattle purchased using marketing agreements bring higher prices. This finding is
consistent with the findings of the captive-supply project discussed below.

Large packing plants obtained nearly half of their cattle from large feedlots while small plants
obtained less than one-quarter from large feedlots.



Prices vary, as expected, with cattle quality characteristics such as type, average weight, quality
grade, and yield grade. After controlling for such factors, there is evidence that larger plants pay
higher prices than smaller plants, although the evidence was inconsistent across regions. Prices were
not significantly different in the region including Colorado, Kansas, Nebraska, and Texas.

The study found that prices in local areas are affected very little by differences in concentration in
those regions for the time period studied.

Project: Role of Captive Supplies in Beef Packing

Various arrangements are used by packers to obtain cattle 2 or more weeks prior to slaughter. Cattle obtained
through these arrangements are known as captive supplies. Industry observers and participants frequently
express concern that packers may use captive supplies to lower prices paid for cattle. Three objectives were
addressed in this analysis of captive supplies: (1) determine the purpose and extent of captive-supply use; (2)
determine whether use of captive supply affects prices paid for fed cattle; and (3) estimate supply and demand
for captive supply and determine how changes in market conditions affect longrun use of spot markets and
captive supply. The main findings are as follows:

*

Packers simultaneously decide the number of cattle to obtain through forward contracts and through
cash markets on a day-to-day basis.

Increases in cash market prices led to increased use of packer-fed, forward-contracted, and marketing
agreement cattle by large plants, consistent with theoretical expectations. Increases in variability in
cash market prices led to increased use of forward-contracted and marketing agreement cattle.

As plant utilization increases, the use of captive supply also increases. This suggests captive supplies
could be used to enhance plant utilization.

The use of forward contracting, marketing agreements, and packer feeding varied widely, and with no
systematic relation to specific firms, plant locations, or geographic regions.

Some, but not all, plants use captive supply to help maintain slaughter levels at full capacity, with
packers' price expectations determining their specific use of captive supplies. Expectations of rising
prices increase the volume of captive supply used, whereas expectations of falling prices lead to
decreased use of captive supply.

Based on analysis of individual transactions, forward-contracted cattle appear to be priced lower than
cattle sold in the cash market on the same day, while marketing agreement cattle are priced slightly
higher.

The overall effect of increased use of captive supply on shortrun prices paid for cattle in the cash
market appears to be negative but very small.

The study provides an overall description of the role of captive supply in the industry that suggests, at
most, rather modest net effects for the period analyzed by the study.



Project: Effects of Concentration on Prices Paid for Cattle

Congress and industry participants have expressed concern about the effects of increased concentration
among packers. Concentration increases the potential for firms to use market power. This project used
plant-level data to examine whether large beef packers exert market power. Cost and revenue data were
analyzed for 15 steer and heifer slaughter plants. The research was based on a model of packing plant
behavior that assumed plants maximize profits given fixed plant capacity.

* The research encountered several data and methodological difficulties and did not obtain definitive
results about the possible use of market power, an outcome consistent with the findings of the
literature review project.

* The results of econometric analysis were not consistent with assumptions necessary for the models to
produce valid tests for market power. Further tests using different statistical methods provided
additional evidence that the data were inconsistent with critical assumptions of the model chosen for
the research.

* The data already collected could be analyzed further, and perhaps additional data collected, to
develop better models of slaughter plants' procurement behavior and perform valid tests of
competitive behavior.

Project: Vertical Coordination in Hog Production

The use of alternative procurement and pricing arrangements has been increasing in hog production. This
project provides baseline information on industry use of these new methods for vertical coordination, and
develops projections suggesting where current trends may lead. Vertical coordination in the U.S. hog-pork
industry was examined to determine current vertical coordination arrangements and their effects on the
structure, conduct, and performance of the industry. Telephone interviews were conducted with the largest
pork packers, hog producers, and feed companies that are likely to influence vertical coordination. Major
findings are listed below:

* Survey participants realize economic benefits from vertical coordination, which will become
increasingly common. Industry participants expect a more consolidated, tightly linked hog-pork
industry by 1998.

* Long-term marketing contracts benefit packers and producers by improving product quality and

reducing transaction costs.

* The seven largest hog producers (more than 500,000 hogs per year) marketed 90 percent of their hogs
through long-term marketing contracts.

* Large producers are more dependent than packers on marketing contracts. Only eight of the 19
leading packers purchased 10 percent or more of their hogs through long-term marketing contracts in
1993.



Many large hog producers cite the assurance of a market outlet as an important benefit of long-term
contracts.

Contracting has been associated with expansion of hog production in some regions. The Southeast
and other non-traditional hog producing areas are adopting vertical contracting more quickly. They
also are increasing their share of U.S. hog production.

In 1998, the majority of market hogs purchased by packers is still expected to be through spot
markets, especially in the North Central region.

The regional shifts in hog production and slaughter, and changes in the size of production and
slaughter operations have significant potential implications for industry structure and performance.
For example, increased expansion in the West and Southwest may drive out less efficient producers
in the North Central region.

Project: Hog Procurement in the Eastern Corn Belt

This project on meatpackers' hog procurement in the eastern Corn Belt addresses market definition issues in
pork similar to those addressed in the project on cattle markets discussed above. The project was conducted
using confidential, plant-level GIPSA data on live hog purchases and USDA, AMS Market News price data.
The general objectives were to: (1) identify slaughter plants' hog procurement areas, (2) determine if prices
are linked among the areas, and (3) determine whether procurement patterns are efficient.

Spatial patterns of procurement and prices paid by packers may provide information regarding competitive
practices. They can be examined to determine the relative economic efficiency of plant location-livestock
shipment relationships. Inefficient patterns may encourage structural change, such as plant closings and
mergers. The main findings are:

*

Delivered prices paid for hogs processed by packing plants in the eastern Corn Belt increased an
average of 0.4-0.7 cent per cwt for each additional mile in the distance to the supply source, contrary
to expectations based on market theory. This suggests that packers absorb some of the transportation
costs incurred for similar hogs purchased farther away from the plant. Since the price differences
were small and some factors relevant to procurement decisions could not be analyzed, evidence was
inconclusive but suggested that price patterns were competitive.

Observed procurement patterns represent a relatively efficient market, as optimal least-cost patterns
would reduce total slaughter and transaction costs by less than 1 percent compared with actual costs.

Pricing patterns observed in Market News price data were consistent with the existence of a single
national market for pricing of slaughter hogs.

Project: Literature Review



The U.S. meatpacking industry has undergone significant structural change since 1900. Economic theory and
methods for evaluating its performance have similarly evolved. This project reviewed and synthesized
pertinent research literature to describe these evolutionary processes, and to assess the current state of
knowledge about the structure, conduct, and performance of the livestock slaughter industry. Major findings
were:

* Economic factors, especially technological change, have been critical to most of the structural
changes in commercial meatpacking since the 17th century.

* Research literature, on balance, suggests that conduct in the red meat packing industry is not
consistent with perfect competition as defined by economic theory. However, limitations in
analytical methods and problems in interpretation and measurement rendered empirical assessments
of competition in the meatpacking industry inconclusive.

* Further understanding of the meatpacking industry depends on workable models of firms' pricing
conduct (for short-term monitoring) and on the study of competitive dynamics in the industry. This
requires appropriate price data for short-term monitoring as well as longitudinal data at the firm and
plant level to describe how entry, exit, mergers, market shares, and other factors change the industry
over time.

Summary

The concentration study suggests that the meatpacking industry is complex and dynamic. Conclusions are as
follows:

* The projects used different research models and methods yet produced consistent findings in those
areas where the projects overlapped.

* The findings showed that different pricing and procurement arrangements (including captive supplies
and contracting), and structural characteristics affect conduct and performance in the meatpacking
industry. Given the persistence and importance of these issues, and rising concentration, there is a
continuing need to monitor and analyze behavior and structural changes in the industry, and to take
corrective action when necessary.

* Areas identified as having promise for future surveillance and analysis include procurement and
pricing practices of individual firms; rivalry and cooperation among firms; and contracting
arrangements and other forms of coordination.

* Follow-up research is needed to resolve significant modeling and data issues to address the effects of
concentration on prices paid for cattle.

* Monitoring and analysis could be strengthened with development of improved methodological
capabilities and models that better describe firm behavior and industry outcomes and with improved
procedures to obtain confidential plant- and firm-level data on procurement transactions, operating
costs and revenue, and contractual arrangements.
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*

The study has shown that quick answers to complex market structure and behavior issues are not
available. Steady sustained monitoring and analysis provide the best opportunity to obtain timely,
meaningful information as the industry evolves and market conditions change.

11



Introduction

Background

There is a long history of concern about the impacts of concentration in the meatpacking industry. The
Sherman Antitrust Act was passed partly because of farmers' concerns over concentration. Control by five
packing companies in the early 1900's led to investigation by the Federal Trade Commission, and eventual
passage of the Packers and Stockyards Act of 1921. Concentration declined after the 1920s, but in recent
years has increased sharply, as shown by the following table.

The role of public markets (auctions and terminals), where the terms of trade are openly visible to all, has
been waning for several years as packers have moved to purchasing livestock directly from producers.
Recently, packers have increased their use of vertical integration and vertical coordination arrangements that
further reduce the role of public markets.

Concerns about concentration and integration focus on their effects on prices and the price discovery process.

The structure of an industry (e.g., number and size distribution of firms) is influenced by the supply of its
inputs, demand for its products, and nature of its production technology. Structure in turn influences
competitive behavior and performance of the industry. Firms in a concentrated processing industry that
utilizes a specialized input such as meat animals may be able to reduce prices paid to suppliers.

Some observers fear that increases in vertical integration and coordination may amplify the potential for
exercise of market power. There is concern that large packers may use vertical coordination arrangements as
a means of blocking their smaller competitors from sources of supply, or as a mechanism for discriminating
among livestock sellers. At the least, vertical coordination arrangements reduce the prevalence of
open-market transactions, thereby restricting the availability of market information.

There are opposing arguments. Some industry observers argue that livestock prices are higher due to
increased efficiency and lower costs realized by large packers, and by vertical coordination arrangements, and
that these gains more than offset any adverse effects of large market shares and higher concentration levels.
They argue that without the size economies, consumer prices would be higher, livestock prices would be
lower, and fewer animals would be sold.

This debate involves a few fundamental questions.

* Do large firms possess and use market power?

* Do potential efficiency gains of larger firms offset potential adverse market power effects of
concentration?

* How do vertical coordination arrangements affect production costs, livestock and meat quality, price
discovery, and market access?

* What is the role of Federal regulation in preventing large firms from abusing potential market power,
and in monitoring the industry?

12



Past studies have provided inconclusive or contradictory information on these questions, and have stressed the
need for better answers. In addition, the organization of the industry has changed markedly in recent years.
Additional information and answers are needed to resolve the uncertainties as the industry continues to adapt
to external forces that affect the supply of, and demand for, its products.

The Department of Justice (DOJ), Federal Trade Commission (FTC), Commodity Futures Trading
Commission (CFTC), and Grain Inspection, Packers and Stockyards Administration (GIPSA) require
information to meet their mandates for industry oversight in a manner that encourages competitive conduct
while facilitating, rather than hindering, appropriate adaptation to forces for change in industry structure and
behavior.

Share of total slaughter accounted for by four largest firms

Slaughter
Year Steer and heifer Hog Sheep and lamb
Percent
1980 36 34 56
1985 50 32 51
1990 72 40 70
1994 82 46 73

Congress included $500,000 in the Packers and Stockyards Administration (P&SA) 1992 fiscal-year
appropriation to conduct a study of concentration in the red meatpacking industry. Both the Senate and the
House Committee reports expressed concerns about concentration in the red meatpacking industry and
concerns that the P&SA--now Packers and Stockyards Programs (P&S), Grain Inspection, Packyards and
Stockyards Administration (GIPSA)—did not have the information needed to analyze the causes and impacts
of concentration. The Senate Committee report directed that at least $250,000 be used to contract with
universities and other organizations. The House Committee report stated that the study be conducted
consistent with GIPSA's confidentiality requirements.

Study Approach

The potential study was sufficiently broad that public input was solicited on its scope and approach. Input
from other Federal agencies was sought as well. GIPSA solicited public comments through a notice in the
Federal Register on January 9, 1992. Comments were received from 51 individuals and organizations,
including 7 meatpacking firms and meatpacking trade associations, 12 livestock markets and livestock market
trade associations, 5 consultants, 15 persons associated with universities, and 8 others. The most commonly
recommended research suggestions were to define procurement markets; analyze the price discovery process;
and examine vertical integration/coordination issues, especially the role of packers' captive supplies of cattle.

13



GIPSA established an interagency Working Group with representatives from GIPSA (chair), the Agricultural
Marketing Service (AMS), the Economic Research Service (ERS), the National Agricultural Statistics Service
(NASS), and the Office of General Counsel (all USDA), plus the DOJ, FTC, and CFTC.

This group reviewed the public comments and recommended priority research topics. Subgroups worked
closely with GIPSA to develop specific project proposals used to solicit competitive bids from researchers. A
subgroup comprised of economists from CFTC, FTC, Justice, and ERS, and economists and other technical
staff in GIPSA reviewed the bid proposals and, later, reviewed research reports of the contractors and this
summary report, which was prepared by GIPSA.

Selection of Projects

The projects selected address areas identified in the House report as well as topics identified by the
Government Accounting Office (GAO) in an October 1991 report on P&SA.! GAO had reviewed P&SA's
work and recommended that P&SA collect and analyze data necessary to define and monitor regional
livestock procurement markets.

Although there is a wide range of concentration issues and many are interrelated, the study focused on cattle
and hog procurement markets. Several of the projects thus had overlapping data requirements. This increased
efficiency in data collection, tabulation, and analysis, and maximized the use of available resources.

Six contracts were awarded in September 1992. A seventh project was added later. The project plans and
contractors selected are listed below.

* Regional Cattle Procurement Markets examines regional procurement markets for slaughter cattle
within the continental United States (Oklahoma State University with collaborators at Kansas State
University and lowa State University).

* Price Determination in Slaughter Cattle Procurement examines individual purchase transactions for
slaughter cattle and appropriate supplemental information to identify common procurement patterns
and practices in order to explain and/or predict purchase and pricing decisions of beef packers
(Texas A&M University).

* Role of Captive Supplies in Beef Packing examines the use of captive supplies and captive-supply
arrangements by beef packers, and determines interrelationships between captive supplies and the
structure, conduct, and performance of slaughter cattle markets. Captive supplies are cattle that are
controlled by or committed to a packer more than 2 weeks prior to slaughter through a forward
contract, marketing agreement, or packer feeding program (Oklahoma State University with
collaborators at Kansas State University).

* Effects of Concentration on Prices Paid for Slaughter Cattle consists of an empirical analysis of the
effects that concentration in slaughter cattle procurement have on prices paid for slaughter cattle
(Virginia Polytechnic Institute and State University).

* Vertical Coordination in Hog Production examines the economics of vertical integration and

coordination arrangements in the hog-pork subsector and the implications of these links for structure,
conduct and performance in the hog slaughtering and processing industry (Hayenga, Rhodes,
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Grimes, and Lawrence Partnership).

* Hog Procurement in the Eastern Corn Belt reviews hog procurement practices in the eastern Corn
Belt using previous GIPSA data. The project examines prices paid, procurement areas, etc., by hog
slaughtering plants in the region (Economic Research Service, USDA).

* Literature Review consists of a review and synthesis of pertinent research literature on structure,
conduct, and performance issues relating to the meatpacking industry (University of Nebraska).

Data needs were large and overlapped projects. Three types of data were needed by outside contractors:
procurement (transaction) records of beef packers, cost and revenue records of beef packers, and information
on contracting and procurement practices and trends.

Transaction records included all pertinent information (for example, delivered cost of cattle, dates of purchase
and slaughter, animal quality, type of transaction, seller name and address) on individual procurements for 1
year for packing plants with annual slaughter of more than 75,000 head of steers and heifers (see appendix A).
These plants account for over 90 percent of total beef slaughter.

Cost and revenue records included weekly and monthly data on specific categories of operating expenses and
revenues for all beef packing plants slaughtering at least 75,000 head of steers and heifers annually.

Contractor surveys were conducted to learn why packers enter into certain types of procurement contracts, to
anticipate procurement trends, and to analyze vertical contractual arrangements.

Contractors were required to establish secure rooms and to agree in writing not to release any confidential
data or other sensitive information about the study.

Scope and Limitations

This study examined issues considered most pressing at the time the study was initiated. An important
contribution of this study arises from the uniqueness of the data collected for the research. As described in the
ensuing chapters, many of the analyses used detailed confidential data drawn from meatpackers' records. Such
data have not previously been available for analysis of the structure, conduct, and performance of the
industry. Research entails tradeoffs, however. Costs and time required for collecting, processing, and
analyzing such detailed data limited the period of time that the data could cover. Some issues, such as analysis
of packers' behavior, costs and returns, and changes in livestock prices over the course of a full cattle or hog
cycle, require data over a longer time period and, therefore, were not examined.

Organization of Report

This report summarizes the work of the contractors. Their objectives, research methods and procedures, data
used, and results are presented for each project. Portions of the respective chapters draw liberally from the
contractors' reports to GIPSA, with some language from the contractors' reports. Also included at the end of
each chapter is a synopsis that includes GIPSA's assessment of the research findings.

* Chapter 1 examines regional cattle procurement markets. Market definitions are relevant for analyses

of the effects of concentration on prices paid and for monitoring competitive behavior. GAO also
recommended that GIPSA define relevant procurement markets.

15
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Chapter 2 examines procurement and pricing patterns of beef packers.

Chapter 3 looks at the role of captive supplies in beef packing. Industry observers and participants
frequently express concern about packers' use of captive supplies. This project assesses potential
impacts.

Chapter 4 analyzes the effects of concentration on prices paid for cattle. Concentration is generally
thought to increase potential for firms to use market power.

Chapter 5 addresses vertical coordination in hog production. Vertical coordination is increasing in
hog production. Production contracts are growing rapidly in the Southeast and other areas, and
marketing contracts are becoming more prevalent in the Midwest. This project looks at trends in
vertical arrangements.

Chapter 6 examines hog procurement in the eastern Corn Belt. The project examined procurement
records of packers in the eastern Corn Belt to learn if prices are affected by distance from packing
plants, the presence of competing packers, and other factors.

Chapter 7 reports on the findings of the literature review.

Chapter 8 summarizes the study. The appendices contain additional details about the data collection
and a list of references reviewed in the literature review project.



Chapter 1
Definition of Regional Cattle Procurement Markets

Introduction and Objectives

This project was managed by Clement E. Ward, Oklahoma State University, and jointly conducted by
Stephen R. Koontz, Oklahoma State University; Marvin L. Hayenga, lowa State University; and Ted C.
Schroeder, Kansas State University. The project's objectives included:

* examine and identify regional fed-cattle procurement markets within the continental United States;
* identify cattle procurement patterns within and among firms and geographic areas; and
* propose appropriate methodology to analyze geographic market boundaries and factors affecting

market boundaries including, but not limited to: analyses of supply and demand elasticities; analyses
of price similarities and differences among regions; and examination of procurement patterns,
transportation costs, packing plant and feedlot characteristics, competitive conditions in procurement
and downstream markets, and multiplant operations.

The research team's objectives were to delineate procurement markets for beef packing plants, examine
regional competition for cattle in specified locations, and examine individual plants' reactions to other plants'
strategies in the area. Three separate analyses were conducted:

* Avrbitrage cost models were developed to identify regional market boundaries between USDA AMS
Market News reporting regions and to examine the degree to which regional cattle markets are linked
by estimating the distribution of implied transaction costs in observed data.”

* Plant-level fed-cattle transactions data were used to perform trade area mapping to examine
procurement market boundaries and to develop plant-level supply functions to examine procurement
relationships between plants.?

* Time-series methods were used to examine spatial cattle market price linkages to determine strength
of regional price relationships, efficiency of specific market regions in incorporating supply and
demand information, plant and/or firm price leadership, and possible market segmentation.*

Arbitrage Cost Models Using Public Price Data

Arbitrage cost models were used to define regional markets by estimating the transaction costs implied in
observed prices across geographic areas. This method uses spatial-equilibrium arbitrage conditions to
estimate a relationship that describes the implied arbitrage costs. Spatial-equilibrium arbitrage conditions
state that if the difference is large enough to cover the transaction cost, price in a high-price region must equal
price in a low-price region plus transaction costs. In other words, arbitrage occurs when livestock can be
purchased in a low-price region, transported to a high-price region and sold at a price that covers the purchase
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price plus transaction costs (for example, shipping and commissions). Arbitrage will continue until price
differences between regions are less than transaction costs. If the difference between regions is less than
transaction costs, price movements (for like cattle) may be unrelated or related due to changes in common
supply and demand conditions.

Arbitrage models ignore movements in regional prices due to changing supply and demand conditions that are
common between markets and focus on changes in relative prices due to arbitrage conditions. Common
movements in regional prices due to arbitrage identify market boundaries, whereas common movements due
to similar changes in supply and demand do not.

The model examines price differences between paired geographic areas. The parametric relationship
specified is based on three mutually exclusive arbitrage regimes: (1) binding arbitrage from one region to
another; (2) binding arbitrage in the reverse direction; and (3) no binding arbitrage between regions. The
transaction costs between the two regions are restricted to positive values. There is no explicit use of actual
transaction cost data in the model. Rather, arbitrage costs are revealed by how large the difference between
the two prices becomes and the frequency of these large differences. Parameters in the model reveal (1) the
means and variances of the arbitrage costs, and (2) the probabilities of arbitrage from one region to another
and in the opposite direction.

The probabilities of observing arbitrage are a function of arbitrage costs and changes in supply and demand
that influence regional prices. An econometric procedure was used to estimate the arbitrage model for 120
possibilities. The results yield information on the arbitrage cost distributions and the probabilities of arbitrage
between each of 16 geographic areas.

Arbitrage cost parameter estimates identify whether different regions were likely to be contained in the same
economic market if prices change sufficiently in one of the regions. Low arbitrage costs suggest the areas in
guestion are contained in the same economic market. High costs suggest economic market separation.

The probability that no arbitrage occurs from one market to another when the price in the first market is 5
percent below the second market's price was calculated to conform with the U.S. Department of Justice and
Federal Trade Commission 1992 Horizontal Merger Guidelines.® A large probability of no arbitrage implies
that the two markets are segmented and do not pass the DOJ/FTC 5-percent rule. A small probability of no
arbitrage implies that the two markets are in the same economic market.

Data
Publicly available data (USDA, AMS LS-214 report of daily fed-cattle prices for 16 direct and terminal
markets) were used in the arbitrage cost models. The study period was from January 1980 through December

1992. Prices, with minor exceptions, were for Choice yield grades 2-4 1,100-1,300 Ib. steers. Arizona and
Southern California prices were for 900-1,100 Ib. steers.
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Table 1--USDA, AMS regional prices, 1980-92

Live weight price

Market . , Number of
Average Minimum Maximum observations

$lcwt
lllinois 67.54 48.50 82.50 3,315
lowa 68.05 49.75 82.00 3,315
Eastern Nebraska 68.17 50.00 82.25 3,315
Western Nebraska 68.08 49.25 82.00 3,315
Colorado 68.31 49.25 81.87 3,315
Eastern Kansas 64.07 50.75 75.12 1,785
Western Kansas 68.65 50.25 82.50 3,315
Texas, Oklahoma, New Mexico 68.70 50.25 82.00 3,315
Arizona 68.13 49.75 80.00 3,300
Southern California 68.08 50.00 80.50 3,315
Northern California 67.60 50.75 80.25 3,186
Washington 67.59 50.25 81.75 2,926
Idaho 67.67 49.50 82.00 3,139
Lancaster County, Pennsylvania® 67.73 49.50 84.00 3,315
Omaha® 67.82 50.00 82.87 3,315
Sioux City* 67.60 49.25 83.25 3,315
All markets 67.73 48.50 84.00

! Terminal markets

Results

Fed-cattle prices across all markets averaged $67.73/cwt, with prices ranging from $48.50/cwt to $84/cwt
(table 1). Markets in the Southern Plains generally had higher prices than terminal markets and markets in the
Northwest and East.

The majority of the estimated arbitrage cost parameters were significant at conventional levels of statistical
tests.® In general, mean arbitrage costs were all reasonably small, between 1 and 5 percent of average price
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levels. Distances between markets were identified and transportation cost estimates were calculated based on
a $0.40/cwt/100 miles variable cost. Arbitrage and transportation cost estimates were closest for neighboring
markets. However, the majority of arbitrage cost estimates were well below the transportation cost values.
The small estimated arbitrage costs suggest that all U.S. fed-cattle markets are closely linked. However, the
strength of the linkage varies between geographic areas.

Asymmetries in the arbitrage costs from one market to another and vice versa reveal market separation. For
example, the arbitrage cost estimate from ldaho to Texas was $1.72/cwt and from Texas to Idaho was
$3.13/cwt, with both figures below calculated transportation costs. This asymmetry suggests that, within the
well-linked national fed-cattle market, the Texas market achieves a much lower discount to the Idaho market
than Idaho does to Texas before regional flows of cattle change. There are similar, though less pronounced,
asymmetries between markets in the Southwest and the Midwest and Plains regions. Markets in the Plains
States achieve larger discounts to Midwest markets than Midwest to Plains. This implies that it is more costly
for Plains markets to arbitrage to Midwest markets. Generally, arbitrage costs were lower when a smaller
volume market arbitrages to a larger market (with higher regional meatpacking plant capacity), and are higher
when a larger market arbitrages to a smaller market. These arbitrage cost asymmetries suggest that the larger
markets would mitigate any exercise of market power in smaller markets, but also suggest that smaller
outlying markets should not be considered relevant when examining market power in larger markets.

The estimated probabilities of observing arbitrage were relatively small. The distribution of fed-cattle prices
across markets does not change often since binding arbitrage conditions were not triggered often, even though
arbitrage costs were relatively low. The probabilities of arbitrage were all very small within and between
markets in the Plains and Upper Midwest States. However, the probabilities were much larger and
asymmetric between the central U.S. markets (Plains and Midwest) and markets in the eastern, southwestern,
and northwestern United States. For example, the probability of arbitrage from Texas to Idaho was 4.7
percent, from ldaho to Texas, 28.4 percent.

The asymmetries in the arbitrage probabilities were similar to that of the arbitrage costs. It is more costly for
large-volume market areas to arbitrage smaller market areas. Therefore, the probability of arbitrage is lower
for the larger market areas. There is some separation of trading between both coasts and central market areas,
and between southwest and northwest market areas. Larger volume market areas may be studied in isolation
because the effects of neighboring small markets will be small, whereas analysis of the smaller volume
market areas should include neighboring larger market areas.

Estimates of the probability of arbitrage generated from the DOJ/FTC 5-percent rule lead to similar
conclusions about the extent of regional market areas. The eastern United States (Pennsylvania), Southwest
(California and Arizona), and the Northwest (Washington and lIdaho) each exhibit some independence. For
example, if prices decline 5 percent in the north-central United States, Upper Midwest and Plains cattle will
move to the Northwest, but the reverse does not occur. The Upper Midwest region, including Illinois, lowa,
E. Nebraska, E. Kansas, Omaha, and Sioux City, appears to be a separate economic area; W. Nebraska,
Colorado, W. Kansas, and Texas is another economic area. There appears to be effective arbitrage from the
Upper Midwest to the Plains, but less so from the Plains to the Upper Midwest.

Cross Elasticities of Supply Using Transactions Data
This project used two approaches--trade area mapping and cross elasticities--to determine relevant markets.

In trade area mapping, a firm's business contacts are plotted on a map; the extent of the area covered suggests
the trade area or relevant market. Market overlaps are the area shared by two or more competitors. Cross
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elasticities measure the responsiveness of the quantity purchased by a firm to the change in price paid by
another firm.

Trade Area Mapping

This portion of the study focused on short-term competitive interaction in fed-cattle procurement by beef
slaughter plants. This analysis examined spot market transactions. Observations without location information
or originating from Canada were not used.

The basic unit for mapping packing plants' trade area was the seller's county. The percentage of cattle
purchased within specified distances from each plant (75, 150, and 250 miles) was calculated. A radius from
the border of the county in which the packer is located was calculated. All cattle purchased from any county
that is entirely or partially within the given radius were included in the plant's total.

Plants were grouped into five regions: East--east of the Mississippi river; West--west of Colorado;

MidNorth--north of Kansas; MidSouth--south of Nebraska; and Middle--combined MidNorth and MidSouth
regions (table 2). The Middle region includes 10 of the largest cattle feeding States.

Table 2--Beef packing plant locations

Region States with plants Number of plants
East Illinois, Wisconsin, Michigan, Pennsylvania 7
MidNorth Minnesota, lowa, Nebraska, Colorado 17
MidSouth Kansas, Texas 12
West Arizona, Utah, California, Idaho, Washington 7

Total 43

The total number of cattle within each of the radii (75, 150, and 250 miles) were calculated as a percentage of
the total cattle purchased by a particular plant. The maximum distance that cattle were hauled to each plant
and the distance that each plant went to purchase at least 95 percent of its cattle were also determined.

On average, packers obtained about 64 percent of their cattle from within 75 miles of their plants, about 82
percent from within 150 miles, and almost 92 percent from within 250 miles (table 3). The average distance
containing 95 percent of total cattle purchased was 270 miles. The maximum distance cattle were hauled was
1,140 miles with an average maximum distance of 655 miles. Several packers procured cattle from more than
1,000 miles away.

Table 3--Beef packers’ procurement distances

Region Cattle procured within:
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75 miles 150 miles 250 miles

Percent
East 31 52 78
MidNorth 64 83 94
MidSouth 76 90 95
West 72 90 93
Total 64 82 92

Nearly half of the plants procured cattle from Canada which, due to unavailability of location and distance
information, were not included in the summary statistics. Thirty-four plants purchased less than 1 percent of
their cattle from Canadian sources, while two plants purchased substantial portions of their cattle from
Canadian sources.

Trade Area Overlaps

Trade area overlaps were determined as the percentage of a packer's total cattle procurement that originated
from a county where cattle were also purchased by one or more other packers. Overlaps involving plants
under common ownership were excluded from the analysis because these plants were assumed not to compete
with one another. In the Middle region, several firms own multiple plants. Significant trade area overlaps (10
percent or more of a packer's total procurement) exist for all plants and among all regions. All plants had
significant overlaps with at least 1 and up to 20 plants (table 4). Plants in the West had fewer significant
overlaps than plants in the Middle region. Eastern plants had fewer significant overlaps as well, but had more
overlaps with the Middle region than did the West region.
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Table 4--Beef packing plant procurement overlaps

Region Overlaps for plants
Total' Significant®
Number
East 10-30 4-15
MidNorth 21-40 13-22
MidSouth 12-35 3-20
West 2-19 1-7

! Includes other plants owned by same firm.
210 percent or more of plant’s total procurement, excluding same-owner plants.

Results

A number of significant overlaps in procurement exist between plants and regions. For example, if plantsin
the MidSouth depressed cattle prices enough to receive monopsony profits, the artificial depression of prices
would divert cattle to the nearest plant in the West or the MidNorth paying a higher price. Thus, in order for a
cartel formed in, say, the northeastern MidNorth region to be effective, it would have to include plants from
the East because significant procurement overlaps also exist between the eastern MidNorth and East regions.

Based on the procurement overlaps, no region can be isolated as a separate geographic market. For most
analytical purposes, the relevant geographic procurement market for fed cattle appears to be the entire United
States. However, the shortrun competitive linkages among plants clearly grows more tenuous with increasing
distance. As the competitive impacts are filtered through intermediate competitors, the strength of the impacts
and the reaction speed is dissipated. Plants 1,500 miles apart probably would not have the strength or speed
of competitive impacts to consider them part of the same market.

The ability of competing packers or feedlots to transport cattle between regions must also be incorporated in a
trade area analysis. Nine plants shipped cattle over 900 miles, and the maximum distance shipped was 1,140
miles. The incremental cost of shipping 50,000 pounds of live cattle is approximately 30-40 cents/cwt (live
weight) per 100 miles. Thus, a cartel formed in one part of the country would be vulnerable to competitive
bids by more distant plants that would raise prices. A 2-percent increase in live cattle prices could warrant a
300-500 mile extension in procurement areas.

Considering actual procurement areas in 1992-93 and the incremental costs of extending those areas if
cartel-like activity offered lower cost opportunities for nonmembers, the areas east of the Rockies and west of
Pennsylvania appear to have sufficiently strong competitive interplay to be considered part of the same
geographic market. Further, plants on the edges of that area have a competitive interplay with other plants
near them. Mergers among plants within 1,000 miles would include them as potential competitors in the same
relevant geographic market; only plants in the most distant parts of the United States or Canada might be
excluded from a current competitor analysis, though their potential for building a competing plant in the area
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would probably lead to their inclusion.
Procurement Volume Response to Relative Prices

If a plant's volume is significantly affected by a competing plant's price, conceptually they both should be in
the same market for competitive or antitrust case analysis. Models expressing the quantity purchased by a
plant as a function of its competitors' prices were hypothesized to examine market boundaries (see Box 1,
"Volume-Response-to Price-Model" for additional detail on the model). These models were examined for
plants and for firms to investigate procurement interactions on a daily basis.

Data

GIPSA obtained data covering April 5, 1992-April 3, 1993 from the procurement records of all plants
slaughtering more than 75,000 head of steers and heifers per year.” The original data set consisted of
transactions data for a total of 200,616 Kill lots (transactions) of cattle slaughtered in 43 U.S. plants. The
usable data set included 103,442 Kill lots of cattle slaughtered in 28 plants. The final data set accounted for
67 percent of the 43 plants' steer and heifer slaughter procured in cash-market transactions. (See Box 2 for
characteristics of lots analyzed.)

To standardize the daily delivered price series for each plant or firm, a quality-adjusted price was derived
from the respective cattle cost series. This process involved estimating an implicit price model using cash
market transactions data for each plant over all usable observations. These plant-specific models were then
used to estimate the price that plant would have been expected to pay each day for a lot of cattle possessing a
particular set of quality traits. The price adjusting model is:

Price = f (cattle type {steer, heifer, Holstein, mixed}, yield grade, lot size, average hot weight of lot,
no. of days between purchase and kill dates, wholesale value of cattle, and average plant price)

The plant-specific models were used to estimate a daily carcass beef price at each plant for a 150-head lot of
steers that (1) graded 60 percent Choice or better, (2) were 95 percent yield grade 1-3, (3) had average carcass
weight of 730 pounds, and (4) were purchased 7 days prior to slaughter. For each day that cattle were
purchased in the cash market by the plant, the actual price paid for each lot was adjusted for quality and the
simple average of these quality-adjusted prices was used as the plant price for that day. For the
volume-response model, the adjusted daily price utilizing all usable transactions for each plant was used. For
the share-response model, only the transactions in the specific region r were used to calculate adjusted daily
prices.

Price series for all plants have a trend (nonstationary) over the study period. To deal with nonstationary
prices, a detrending procedure was used to estimate the volume-response model. The daily weighted-
average-adjusted price for all 28 plants was calculated, with each plant's price series then divided by this
average price. Plants that were owned by a single firm may respond differently due to arbitrage possibilities
in other plants and regions. The volume-response model was also estimated for firms to determine firm price
responsiveness relative to individual plants. Geographic regions for the share-response model were State
boundaries. Only two States were examined, Nebraska and Texas.

Plant Volume-Response Results

Prices at competing plants explained 5-77 percent of the variation in a plant's daily volume. For 22 of the 28
plants, prices at competing plants explained 42-77 percent of an individual plant's procurement volume. On
average, plants' same-day-procurement volumes were inversely related to 1-2 other plants' prices. Plants'
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procurement volumes were affected mostly by other plants within the same geographic areas.
Firm Volume-Response Results

Volume response for 9 firms (aggregated over the 28 plants) was examined based on same-day and
previous-day prices at other firms. Analysis showed that for 8 of 9 firms, prices paid by other firms explained
50-94 percent of the firms' daily procurement volume. On average, firms' procurement volumes were
inversely related to same-day or previous-day prices paid at two other firms. The four largest firms and five
smallest firms exhibited a similar number of competitive interactions with other firms. However, the large
firms responded mostly to price changes by the other top firms while the smaller firms generally responded to
price changes by the other smaller firms.

Plant Share-Response Model

Nebraska and Texas plant share-response equations showed little responsiveness to other plants' prices.
These results were due to the modeling approach, which was not well suited to analysis of packing plant
behavior because it restricts the usable observations to an arbitrarily assigned region (States), and because the
daily market share of each plant in a particular State does not appropriately reflect overall plant
competitiveness.

Spatial Fed-Cattle Transaction Price Relationships

This objective addressed three issues. First, Granger causality for 28 plants was estimated to determine to
what extent price leadership and dominant price discovery plants existed.® (When a plant's price affects prices
at numerous other plants, that plant is a leader in price discovery.) Second, cointegration tests were used to
determine whether longrun price relationships existed across plants. Third, error correction models were
estimated to determine the speed of price adjustment to longrun spatial equilibrium (that is, how quickly
plants change prices in response to price changes at other plants).

VAR Model

Several time-series analyses were conducted using daily plant prices. The first method employed was vector
autoregression models (VAR). If prices at one plant statistically explain prices at another plant, then prices at
the first plant affect prices at the second plant. For all 28 plants, 756 paired estimations were made. If the
paired price effects are bidirectional (that is, one plant affects another and vice versa), then price information
flows in both directions, suggesting plants are competing with each other and are in the same geographic
market. If the paired price effects are unidirectional, then one plant simply responds to price changes at the
other plant and the leading plant may be able to operate independently.

Within the framework of the model, a plant may respond to actions by a plant not included in the analysis.
Bivariate analysis may overstate the direct relationships between plants. The relationship may be indirect
through prices at each plant being directly related to prices at other intermediate plants. Finally, lack of any
paired price effects suggests that the plants may not operate in the same relevant market. This analysis used
three types of VAR models: (1) using price levels, (2) using first-differenced prices (difference between
today's price and yesterday's price), and (3) using error-correction models with first-differenced price data.

Cointegration Model
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Spatial price integration refers to prices across plants that do not diverge widely from each other. Plants with
cointegrated prices maintain a stable spatial price relationship, suggesting the plants are in the same relevant
procurement market. The cointegration model provides estimates of how quickly prices at each plant respond
to deviations from longrun spatial equilibrium. The speed of spatial price adjustment provides evidence of
market participants' reactions to new information. The more rapidly prices across locations adjust to each
other, the stronger the spatial competition. Strong spatial competition suggests that plants operate in the same
geographic market. A speed-of- adjustment parameter close to one indicates a rapid adjustment and a value
close to zero suggests slow adjustment.

Modeling Factors Related to Cointegration, Causality, and Speed of Adjustment

Degree of cointegration, level of causality, and speed of price adjustment to longrun equilibrium are all
variables that contain additional information for economic analysis. Economic factors were expected to be
related to all of these statistics. Three models were designed to test the relationships between selected
economic factors and the strength of cointegration, significance of causality, and speed of adjustment.

Data and Plant-Adjusted Prices

The data cleaning procedures and usable data for these models were the same as described above in the
section, "Cross Elasticities of Supply Using Transactions Data.” Average daily cattle prices for each plant
derived from delivered costs were adjusted using equation 3. Distances between plants were estimated as
optimized routes using Key Travel Map.® Procurement overlap of plants represents the percentage (rounded
to the nearest percent) of cattle purchases by a plant that overlap the other plant's procurement area. The
percentage of cattle purchased in the cash market and the slaughter number were calculated from the original
GIPSA-supplied data set.

VAR Results

The VAR models were first estimated using price levels. Statistical results indicated most prices were
significantly affected by other plants' prices. Prices at 11 plants in 8 States significantly affected prices at 90
percent or more of the other 27 plants. At the other extreme, plants affecting prices at only a few other plants
would suggest that these plants are price followers. Two plants affected prices at less than 30 percent of the
other 27 plants. All but three of the plants affected prices at half or more of the other plants. This result
suggests that price effects are strong with considerable information flowing across plants. Regionally, 80
percent of the paired comparisons for plants in Nebraska, Colorado, Kansas, and Texas were strongly related.
For all 28 plants, 77 percent of the paired comparisons were strongly related.

The results from tests for causality of first-differenced prices contrast price-level results. Causal relations
were still common, but less frequent vis-a-vis price levels. For first-differenced prices, no plants affected
prices at 90 percent of the other plants, but four in Nebraska and Kansas affected prices at 80 percent of the
other plants. In both VAR models (price levels and first-differenced prices), the High Plains (NE and KS)
was a geographic center of price discovery.

Cointegration Results

The cointegration tests suggest that nearly all of the plants' prices were cointegrated with each other. Over 96
percent of the 756 plant paired comparisons were significantly cointegrated. This indicates that on a daily
basis for the study period, a longrun spatial equilibrium price existed among the different plants; that is, prices
across plants did not significantly diverge from each other. The conclusion can be drawn that market
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information and arbitrage opportunities keep prices from diverging.
Error Correction VAR Results

With nonstationary data and prices at the various plants generally cointegrated, an error correction VAR
model was also used. Similar tests to the other VAR models were used to analyze these results. Prices at 3
plants were affected by prices at 20 or more plants. Five plants affected prices at 20 or more other plants.
Plants in Nebraska were price leaders, which is more consistent with the results from the first-differenced
models than the price-level VAR models.

Speed-of-adjustment estimates indicate how rapidly price at a particular plant reacts to restore longrun spatial
equilibrium when price changes at another plant. A value of one suggests immediate reaction within the same
day and a value close to zero suggests slow reaction. The average speed-of- adjustment value was 0.33,
suggesting that one-third of the deviations from spatial price equilibrium were typically corrected in 1 day.

Cointegration, Causality, and Speed-of- Adjustment Results

In general, most of the variables had the expected signs and were statistically significant. Plants located near
each other exhibited prices that were strongly cointegrated and adjusted rapidly to price shocks, as expected.
Procurement overlap was an important determinant of spatial price relationships. Cointegration increased, as
expected, for plants whose trade areas overlap. Similarly, firms having overlapping trade areas were more
likely to have significant price causality with each other. Plants with overlapping trade areas also tend to
react more quickly to spatial price disequilibrium.

Plants that have high percentages of cattle purchased in the cash market were less likely to have prices
cointegrated with other plants, slower to adjust to price changes elsewhere, and more likely to be influenced
by price changes at other plants. This observation suggests that as plants reduce their use of the cash market,
they may be more apt to use external markets (for example, cash markets in other regions or futures markets)
as sources of market information to determine their cash market bids as opposed to incurring the increased
costs of discovering local prices.

Larger plants had prices that (1) were less likely to be cointegrated, (2) responded more slowly to deviations
from spatial equilibrium, and (3) were less apt to be affected by price changes at other plants. This result
suggests that large plants operate more independently than smaller plants in discovering daily prices. Larger
plants generally maintain slaughter nearer to capacity than smaller plants to achieve cost competitiveness.
Thus, larger plants may have greater concern about operating near capacity than about small relative price
differences. This situation could also be a result of larger plants simply having a larger burden of price
discovery than their smaller counterparts. That is, larger plants have higher total costs associated with prices
that do not accurately reflect local market conditions (since their purchases are greater). Therefore, they have
greater need to lead price discovery, suggesting less cointegration and less adjustment to prices in other
locations. Larger plants also may have more influence over prices because they purchase more cattle over
larger regions.

Plants that were owned by the same firm were likely to have cointegrated prices. This indicates that firms
having plants in different locations can more easily ship cattle across plant locations or can make purchases at
the fringe of each plant's trade area that could be shipped to either plant. Speed of adjustment was positively
related to whether the plants were owned by the same firm, suggesting that prices at different plants also
adjust more rapidly to shocks if the plants are owned by the same firm.
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Conclusions

In general, fed-cattle prices in all U. S. geographic regions are linked, suggesting a broad national market for
fed cattle. Plant prices tend to move together, maintaining longrun spatial equilibrium, and arbitrage costs
among the geographic regions are relatively small. This suggests that price information flows readily between
plants and across geographic areas.

Within the national fed-cattle market, price linkages are strongest within the Midwest and Plains regions, with
the leading price discovery points in Nebraska and Kansas. Plant prices in these two regions were strongly
cointegrated, responding quickly to changes in price movements. However, the analyses using the 5-percent
rule from DOJ/FTC merger guidelines suggest that Midwest and Plains regions may be in the same market,
but the East, Southwest, and Northwest regions may not have the strength or reaction speed to be considered
part of the same market.

Summary

The researchers employed standard econometric and statistical methods as did previous research examining
similar issues. The project's findings, in general, were consistent with previous research.

The project accomplished most of the objectives in the request for proposals. Due to insufficient data on cow
and bull procurement, no analysis was done to examine if "cows and bulls" and "steers and heifers" are one
market or separate but linked markets.

The statistical and econometric analyses rely critically on the quality and representativeness of the data
utilized. Approximately 50 percent of the original steer and heifer transactions data (for all or a portion of 28
of the 43 plants) were used for these analyses. The findings could be affected if purchase patterns of plants
deleted from the analyses are different from plants included in the analysis. Twenty-three of the 28 plants in
the analyses are owned by the 4 largest firms, which slaughtered approximately 78 percent of the cattle in
1992. By region, 3 of 7 plants in the East, 14 of 17 in the MidNorth, 9 of 12 in the MidSouth, and 2 of 7 in
the West were in the analysis.

The analysis did not include cattle purchased through captive-supply arrangements. The omission of those
cattle would be significant if geographic purchase patterns for them are different than for the cattle included in
the analysis. A test for such differences was not conducted, but there is no a priori reason to assume they
would differ. Data for many of the smaller plants or plants that slaughtered mixed maturities and varieties of
cattle also were not used.

The three separate analyses arrived at the same general conclusion: fed-cattle prices in all geographic areas
are linked, suggesting the presence of a broad national market for fed cattle. Some regional differences exist.
Plants in the Middle (MN, 1A, NE, CO, KS, and TX) region appear well linked, while the links between the
West and East regions relative to the Middle region are not as strong.

This project provides strong evidence that measurement and analyses of concentration in beef packing need to
focus on relatively broad geographic markets. Solid boundary lines cannot be identified because arbitrage
and livestock movements result in substantial overlap among areas.

While the analyses of arbitrage costs, cross-price elasticities, and prices indicate the presence of broad
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geographic markets, application of other standards might lead to different conclusions. For example,
application of DOJ/FTC merger guidelines requires separate analysis for each proposed merger or acquisition.
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Chapter 2
Price Determination in Slaughter Cattle Procurement

Introduction and Objectives

The project was led by Professor Gary W. Williams of Texas A&M University, and the research team
included Professors Oral Capps, Jr., H. Alan Love, H.L Goodwin, Ernest E. Davis, and John P. Nichols, as
well as Jim Bob Ward, Wendi Adams, Tanya Johnson, and Connie Schiller, all of Texas A&M.Y0

The original request for proposals called for the contractor to "examine individual purchase or sale
transactions for slaughter cattle, and obtain appropriate supplemental information, to identify common
procurement patterns and practices to explain and/or predict purchase decisions of beef packers. ... The
findings should be used to develop theoretically-based empirical models, if possible, which can be used to test
hypotheses regarding pricing and procurement behavior."

The research team proposed to identify and assess factors affecting procurement and pricing practices in the
slaughter cattle market by analyzing daily transactions records of all major beef packing plants and by
surveying major packers and large feedlots.

More specifically, the research team proposed to address the following questions:

* What were the characteristics, nature, and patterns of slaughter cattle procurement activities of the
packing plants? This part of the analysis provides descriptive data summaries (means, standard
deviations, and ranges) on cattle costs, seller characteristics (such as feedlot location and size),
procurement and pricing methods, transaction characteristics such as lot size, yield, and quality, and
plant characteristics such as size,location, capacity utilization, and ownership.

* Did statistically significant relationships exist among the patterns, characteristics, and dimensions of
the slaughter cattle procurement activities of the plants relative to key characteristics of the purchase
transactions? This analysis used the statistical analysis of variance (ANOVA) technique to identify
groups of plants (grouped, for example, by size, location, or capacity utilization) associated with
differences in average cattle costs, yields, quality, and other transaction characteristics.

* What major factors affected the choice of slaughter cattle procurement and pricing methods and the
costs of cattle purchased by the plants? Firms choose among four common cattle procurement
methods and three pricing methods. This part of the analysis used multivariate statistical techniques
to identify the most important factors determining differences in cattle prices and the choice of
pricing and procurement methods.

Two primary sources of data were used. The first included details of all slaughter cattle kill lots of 35 or more
head for the 43 largest steer and heifer packing plants during April 5, 1992-April 3, 1993 (see appendix A).
Daily slaughter summaries of all cattle purchased during that period also were used. The second source
contained responses, from the packing plants and a random sample of feedlots, to surveys that provided
qualitative information not available in the transactions data. Supplemental data on plant capacities and
outputs were obtained from a Beef Packer Costs and Revenue Survey conducted by GIPSA (see appendix B).
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The Transactions Data: Descriptive Summaries

The data set included information from 200,616 individual kill lot transactions, covering over 23 million head
of cattle, during April 5, 1992-April 3, 1993. Buyers were the 43 largest steer and heifer slaughter plants,
which were owned by 20 different firms. Standard data-editing procedures were used to identify data errors,
omissions, and anomalies and to make appropriate statistical adjustments.

Although the primary concern of this study is with concentration among packers, the data indicate some
concentration among sellers as well. While cattle were purchased from 19,396 different sellers, the 152 sellers
(0.8 percent) who sold at least 32,000 head of cattle accounted for 43 percent of all head sold. Most sellers
(88.8 percent) sold less than 1,000 head, and together accounted for only 13.9 percent of all cattle sold, or 3.2
million head.

Twenty-three of the 43 plants were owned by the "Big Three" packing firms: ConAgra (6 plants), Excel (6),
and IBP (11). Together, the Big Three accounted for 75 percent of all transactions and 81 percent of all steers
and heifers purchased. Plants operated by the Big Three are larger and used more intensively than other plants
examined. Mean capacity (maximum daily throughput) at Big Three plants was 3,698 cattle per day, versus
1,343 at the other plants. Mean capacity utilization of the Big Three firms' plants was 76 percent, compared
with 60 percent for the other plants.

On average, larger plants, whether operated by Big Three firms or not, paid more for cattle.* The largest
plants (more than 4,000 head per day capacity) paid 2.7 percent more per head ($883 versus $860) than
smaller plants (under 2,000 head per day). The differences also were apparent in the liveweight and carcass
prices computed from delivered costs. Price per cwt, liveweight, was 5 percent higher at the large plants, and
price per cwt hotweight (after slaughter), was 3 percent higher. As discussed later in the chapter, regression
analysis showed that much of the difference in liveweight prices could be explained by differences in cattle
and lot characteristics. Plants with higher levels of capacity utilization also paid higher prices on average.

The Big Three firms' plants accounted for 75 percent of all lots in the entire sample. They accounted for 88
percent of lots in the Southern Plains, 84 percent in Mountain States, and 78 percent in the West North
Central region, none in the North Atlantic States, 39 percent in the Pacific region, and 60 percent in East
North Central States.™

Large slaughter plants, regardless of ownership, differ from smaller plants in other important ways. Large
plants typically deal in larger transactions. Plants with capacity in excess of 4,000 head per day averaged 148
cattle per transaction, while those with capacity under 2,000 per day averaged 76 cattle per transaction. The
largest plants form regional networks with the largest feedlots: feedlots selling more than 32,000 head per
year are located near the largest packers, and sell two-thirds of their cattle lots to the large plants. In turn,
large packers obtain 42 percent of their lots from the largest feedlots. By contrast, the smallest packers obtain
19 percent of their lots from the largest feedlots.

Larger plants also obtain higher yields (hotweight of beef divided by liveweight of the cattle). The larger
plants realized average yields of 63.04 percent while smaller plants averaged 61.3 percent.** Higher
plant-capacity utilization also was associated with higher yields and larger lot sizes.

Four methods of cattle procurement appear in the transactions (table 1, see box for definitions): (1) forward
contracts, (2) marketing agreements, (3) spot market, and (4) packer fed. Spot markets are used for most
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transactions (82.3 percent of the lots and 78.8 percent of the cattle). Small firms use spot markets almost
exclusively, whereas the Big Three packers are more likely to use alternative procurement methods. ConAgra,
Excel, and IBP account for 73 percent of spot market transactions, but 88 percent of marketing agreements
and 95 percent of forward contract transactions. Smaller firms are active in packer-fed procurement. For
example, smaller firms in California and Arizona accounted for 42 percent of the packer-fed lots.

The largest feedlots are also more likely than small feedlots to use alternative procurement strategies.
Feedlots handling more than 32,000 cattle per year accounted for 26 percent of spot market transactions, but
39 percent of forward contracts, 64 percent of marketing agreements, and 83 percent of packer-fed
transactions.

On average, prices received for cattle offered under forward contracts were about 3 percent lower than those
offered under other methods. In this case, lower prices likely reflect an adjustment for reduced risks that the
method offers the sellers. There were no significant price differences among the three other methods.

Three different pricing methods are used: (1) carcass weight, (2) formula,** and (3) liveweight. Liveweight
accounted for 46 percent of the transactions, carcass weight 37 percent, and formula 17 percent.

The pricing methods used typically varied with the procurement method (table 5). Liveweight pricing was the
most common method for spot market transactions (54 percent), but was rarely used for forward contracts and
marketing agreements. Most forward contracts (73 percent) were priced on the basis of carcass weight, while
formula pricing was used for most marketing agreements. The Big Three firms, although relying primarily on
liveweight and carcass-weight pricing, were far more likely to use alternatives as well. The Big Three firms
handled 93 percent of the formula-priced lots and 85 percent of the carcass-weight arrangements. No
significant differences in mean cattle costs were observed among the pricing methods.
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Table 5--Use of alternative methods of cattle procurement and pricing

Procurement method

Pricing Forward Packer Marketing Spot market Total
Method contract fed/owned agreement

Number of lots

Carcass 10,297 2,467 1,221 61,416 75,408
weight

Formula 2,931 792 14,663 15,184 33,570
Liveweight 821 2,220 104 88,401 91,549
Total 14,057 5,480 16,011 165,047 200,616

Note: Row and column entries do not sum exactly to totals because of omission of entries where method is
unknown. For example, forward contract “entries sum to 14,049; column total of 14,057 includes 8 forward
contracts with unknown pricing methods.

In summary, one procurement method and two pricing methods are used for over 80 percent of transactions.
The three largest slaughter firms rely primarily on spot market procurement and the two most common pricing
methods (liveweight and carcass-weight), but they also account for most of the cattle marketed under other
pricing and procurement mechanisms. With the exception of several smaller firms located outside the major
feedlot and slaughtering regions, the other firms tend to rely almost exclusively on the most common pricing
and procurement methods.

Packer Choices Among Procurement and Pricing Methods

The researchers analyzed factors that may influence a packer's choice of procurement method. This analysis
required the use of a statistical model called a polychotomous choice model.

The objective in this type of model is to evaluate how changes in one variable, say distance, alter the
probability that a lot will be procured and priced by one of the methods, while holding constant the values of
other variables. This last point is a key reason for performing multivariate analysis. Many of the variables
have some correlation: for example, plant capacity, lot size, and regional firm share all tend to be interrelated.
In asimple analysis of variance, larger lot sizes could be associated with marketing agreements (for example),
but that could be because larger plants buy larger lot sizes and use marketing agreements. Multivariate
analyses enable one to determine whether large plants are more likely to use marketing agreements on larger
lot sizes while holding capacity constant in the analysis.

The following explanatory variables were used in the procurement model:

(1) average revenue/cwit;
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(2) plant capacity;

(3) capacity utilization;

(4) lot size;

(5) average weight per head;

(6) number of days between purchase and slaughter;
(7) the regional firm share of the packer;
(8) the distance between seller and packer;
(9) seasonality;

(10) cattle type;

(11) yield grade of the lot; and

(12) quality grade of the lot.

Over 182,000 observations were used in the analysis, after deleting observations with missing values. In such
a large data set, a distinction needs to be made between substantive differences and statistically significance
differences. It is common practice to report that an estimated coefficient is statistically significant, in the
sense that we are reasonably sure that the true coefficient is not zero (for example, that the effect of changes
in lot size on the choice of procurement is not zero). In huge data sets like this, almost all coefficients will be
statistically significant; however, the estimated effect could be extremely small and thus of no practical
importance (it might not be substantively significant).'® In these cases, it is important to focus on the size of a
coefficient, and not just its statistical significance.

The principal results for the procurement model are as follows. Forward contracting is strongly and
consistently associated with high levels of capacity utilization, and is far less likely to be used for heavier and
overfinished cattle. Forward contracting is also strongly associated with increases in the number of days
between purchase and slaughter. Marketing agreements also are far less likely to be used for heavier and
overfinished cattle, and seem to be used by individual packers to acquire specified yield grades.

Cattle procured from distant locations (more than 300 miles away) were less likely to be packer-fed or to
come under marketing agreements. Packer-fed arrangements were more likely where regional packer
concentration was high.

The procurement model can be assessed through its success in predicting actual procurement choices. Spot
markets are used in 81 percent of all transactions. A poor model, one that simply assumed that spot markets
would always be used, would be right 81 percent of the time. The procurement model developed by the
contractor had mixed success. It overpredicted use of spot markets (predicted their use in 93 percent of the
cases), but underpredicted the use of marketing agreements and packer-fed arrangements. 1t did a good job of
predicting the use of forward contracts.

Analysis of Cattle Transactions Prices

A multivariate regression analysis was conducted of the factors causing differences in prices paid for
slaughter cattle in 182,007 lots slaughtered between April 1992 and April 1993. Economic theory suggests
that prices in a competitive market will vary with cattle characteristics; some characteristics are more valuable
to packers (due to their effect on operating costs), and prices are likely to reflect these differences. Costs of
negotiating a transaction may vary with some characteristics of the lot (such as lot size) or with the methods
of procuring and pricing the lot. If so, prices will also be affected. Prices of beef also affect cattle prices.
Finally, competitive factors, associated with the size of the buying firms and plants, and the number of local
competitors, may be associated with differences in prices paid for cattle.
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The price chosen for analysis was the delivered liveweight cost per hundredweight, as reported by packers in
the transactions sample. The explanatory variables included:

(1)average revenue/cwit;

(2) plant slaughter capacity;

(3) lot size (number of cattle);

(4) average weight of the lot;

(5) regional concentration in the cattle market;
(7) distance between buyer and seller;
(8) cattle type;

(9) quality grade of the lot;

(10) yield grade of the lot;

(11) procurement method; and

(12) pricing method.

It is important to gauge the size and importance of the regression coefficients, in addition to statistical
significance, when assessing regression results. The average liveweight price of cattle was $75.07 per
hundredweight, with a standard deviation of $5.01. If prices are distributed normally around the mean,
roughly 95 percent of the observations will fall within two standard deviations from the mean, or between
$65.05 and $85.09.

Regression results are reported for all plants in table 6, along with means and standard deviations for the

explanatory variables. Separate analyses were also conducted for three regions. With few exceptions, results
of the regional models were generally consistent with results of the national model.
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Table 6--Regression analysis of slaughter cattle prices®

Variable Coefficient value t ratio Variable mean® Standard deviation®
Constant 83.10 698.71 -~ -
Average revenue/cwt 0.0095 23.22 $126/cwt 0.17
Plant capacity 0.0057 59.63 278/hr 75
Lot size 0.0021 29.97 120 head 99
Average weight in lot -0.0078 -100.34 1,171 Ibs 104
Regional concentration -0.00021 -35.69 3,865 points 1,185
Distance<100 miles 0.19 11.06 52.6 percent NA
Distance, 100-300 miles -0.07 -3.56 32.4 percent NA
Quarter 2, 1992 -0.014 -0.74 26.5 percent NA
Quiarter 3, 1992 -1.84 -102.07 23.4 percent NA
Quarter 1, 1993 3.73 196.55 22.7 percent NA
Dairy -5.45 -148.26 4.0 precent NA
Fed Holsteins -5.59 -119.63 2.0 percent NA
Heifers -0.93 -56.25 32.5 percent NA
Mixe